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空间回归方法在慢性病研究中的应用进展*





国慢性病患者已超过 2 亿人，占总人口的 20%以上，
其中，2012 年我国 18 岁及以上成人高血压、糖尿病、



































































































系的空间异质性。Aletta Dijkstra 等人及 Chan 等人更
是分别从预测准确率和模型拟合优度两个角度对






问题，Nakaya 等人对 GWＲ 模型进行了延伸，提出地












1 dij ＜ θ
0 dij ＞{ θ
高斯函数法 Wij = exp(－ d2ij /θ2)
bi-square函数法 Wij =
(1 － d2ij /θ2)2 dij ＜ θ
0 dij ＞{ θ
dij是点 i和 j 在空间上的距离，而 θ是核宽带。距
离阈值法是最简单的空间权函数，但是其空间权重在
距离 θ点出现突变，与空间的平滑性和渐变性相悖，较
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架，应用多疾病自回归模型(multivariate conditional
autoregressive regression，MCAＲ)或共同成分模型

















































































参 考 文 献
［1］ Lozano Ｒ，Naghavi M，Foreman K，et al． Global and regional mortali-
ty from 235 causes of death for 20 age groups in 1990 and 2010:a







·931·中国卫生统计 2018 年 2 月第 35 卷第 1 期
［4］ Caswell JM ． Prevalence of reported high blood pressure in Canada:




［6］ Yang W，Lu J，Weng J，et al． Prevalence of Diabetes among Men and
Women in China． New England Journal of Medicine，2010，362
(12) :1090-1101．
［7］ Jia Z，Jia X，Liu Y，et al． Spatial analysis of tuberculosis in migrants
and residents，Beijing，2000-2006． Emerg Infect Dis，2008，14(9) :
1413-1419．
［8］ Maciel ELN，Pan W，Dietze Ｒ，et al． Spatial patterns of pulmonary tu-
berculosis incidence and their relationship to socio-economic status in
Vitoria，Brazil． The International Journal of Tuberculosis and Lung
Disease，2010，14(11) :1395-1402．
［9］ Xia J，Cai S，Zhang H，et al． Spatial，temporal，and spatiotemporal a-
nalysis of malaria in Hubei Province，China from 2004-2011． Malar
J，2015，14(1) :145．
［10］Baker J，White N，Mengersen K． Spatial modelling of type II diabetes
outcomes:a systematic review of approaches used． Ｒoyal Society
open science，2015，2(6) :140460．
［11］Zhou M，Astell-Burt T，Bi Y，et al． Geographical variation in diabetes
prevalence and detection in china:multilevel spatial analysis of 98，
058 adults． Diabetes Care，2015，38(1) :72-81．
［12］Xu Y，Wang L，He J，et al． Prevalence and Control of Diabetes in
Chinese Adults． Jama，2013，310(9) :948-958．
［13］Astell-Burt T，Feng X，Kolt GS，et al． Understanding geographical in-
equities in diabetes:multilevel evidence from 114，755 adults in Syd-
ney，Australia． Diabetes Ｒes Clin Pract，2014，106(3) :e68-e73．
［14］Gonzalez G，Wilson SMW，Thorpe ＲJ． Examining Place As a Social
Determinant of Health Association Between Diabetes and US Geo-
graphic Ｒegion Among Non-Hispanic Whites and a Diverse Group of
Hispanic /Latino Men． Family ＆ Community Health，2015，38(4SI) :
319-331．
［15］Bocquier A，Cortaredona S，Nauleau S，et al． Prevalence of treated di-
abetes:Geographical variations at the small-area level and their asso-
ciation with area-level characteristics． A multilevel analysis in South-
eastern France． Diabetes Metab，2011，37(1) :39-46．
［16］Zhou M，Astell-Burt T，Yin P，et al． Spatiotemporal variation in dia-
betes mortality in China:multilevel evidence from 2006 and 2012．




［18］Anselin L． Exploring spatial data with GeoDaTM:a workbook． Cen-
ter for Spatially Integrated Social Science，2005:198-199．
［19］Drewnowski A，Ｒehm CD，Moudon AV，et al． The Geography of Di-
abetes by Census Tract in a Large Sample of Insured Adults in King
County，Washington，2005-2006． Preventing Chronic Disease，2014，
11(1) :E125．
［20］Green C，Hoppa ＲD，Young TK，et al． Geographic analysis of diabe-




［22］ Yang T，Shoff C，Noah AJ． Spatialising health research:what we
know and where we are heading． Geospatial Health，2013，7(2) :161-
168．
［23］ Brunsdon C，Fotheringham S，Charlton M． Geographically weighted
regression -modelling spatial non-stationarity． The Statistician，1998，
47(3) :431-443．
［24］覃文忠．地理加权回归基本理论与应用研究．同济大学，2007．
［25］Siordia C，Saenz J，Tom SE． An Introduction to Macro-Level Spatial
Nonstationarity:a Geographically Weighted Ｒegression Analysis of
Diabetes and Poverty． Human geographies，2012，6(2) :5-13．
［26］Margolis D J，Hoffstad O，Nafash J，et al． Location，Location，Loca-
tion:Geographic Clustering of Lower-Extremity Amputation Among
Medicare Beneficiaries With Diabetes． Diabetes Care，2011，34(11) :
2363-2367．
［27］Chan TC，Chiang PH，Su MD，et al． Geographic disparity in chronic
obstructive pulmonary disease (COPD)mortality rates among the
Taiwan population． PLoS One，2014，9(5) :e98170．
［28］Park J，Yoon S，Na MH，et al． The effects of air pollution on mortali-
ty in South Korea． Procedia Environmental Sciences，2015，26:62-
65．
［29］Dijkstra A，Janssen F，De Bakker M，et al． Using Spatial Analysis to
Predict Health Care Use at the Local Level:A Case Study of Type 2
Diabetes Medication Use and Its Association with Demographic
Change and Socioeconomic Status． Plos One，2013，8(8) :e72730．
［30］ Nakaya T，Fotheringham AS，Brunsdon C，et al． Geographically
weighted Poisson regression for disease association mapping． Statis-
tics in Medicine，2005，24(17) :2695-2717．
［31］Siordia C，Saenz J，Tom SE． An Introduction to Macro-Level Spatial
Nonstationarity:a Geographically Weighted Ｒegression Analysis of
Diabetes and Poverty． Human geographies，2012，6(2) :5-13．
［32］Baker J，White N，Mengersen K． Spatial modelling of type II diabetes
outcomes:a systematic review of approaches used． Ｒ Soc Open Sci，
2015，2(6) :140460．
［33］Besag J，York J，Molli A． Bayesian image restoration，with two appli-
cations in spatial statistics． Annals of the Institute of Statistical Mathe-
matics，1991，43(1) :1-20．
［34］Prieto ＲＲ，Garcia-Perez J，Pollan M，et al． Modelling of municipal
mortality due to haematological neoplasias in Spain． Journal of Epide-
miology and Community Health，2007，61(2) :165-171．
［35］Dominguez-Berjon MF，Gandarillas A，Segura Del Pozo J，et al． Cen-
sus tract socioeconomic and physical environment and cardiovascular
mortality in the Ｒegion of Madrid (Spain)． Journal of Epidemiology
and Community Health，2010，64(12) :1086-1093．
［36］Hao Y，Balluz L，Strosnider H，et al． Ozone，Fine Particulate Matter，
and Chronic Lower Ｒespiratory Disease Mortality in the United
States． American Journal of Ｒespiratory and Critical Care Medicine，
2015，192(3) :337-341．
［37］Hajna S，Ｒoss NA，Joseph L，et al． Neighbourhood Walkability and
Daily Steps in Adults with Type 2 Diabetes． Plos One，2016，11(3) :
e151544．
［38］Goungounga JA，Gaudart J，Colonna M，et al． Impact of socioeco-
nomic inequalities on geographic disparities in cancer incidence:com-
parison of methods for spatial disease mapping． BMC Medical Ｒe-
search Methodology，2016，16(1) :136．
［39］ Feltbower ＲG，Manda S，Gilthorpe MS，et al． Detecting small-area
similarities in the epidemiology of childhood acute lymphoblastic leu-
kemia and diabetes mellitus，type 1:A Bayesian approach． American
·041· Chinese Journal of Health Statistics，Feb． 2018，Vol． 35，No． 1
Journal of Epidemiology，2005，161(12) :1168-1180．
［40］Havulinna AS，Paakkonen Ｒ，Karvonen M，et al． Geographic patterns
of incidence of ischemic stroke and acute myocardial infarction in
Finland during 1991-2003． Annals of Epidemiology，2008，18(3) :
206-213．
［41］Manda SOM，Feltbower ＲG，Gilthorpe MS． Investigating spatio-tem-
poral similarities in the epidemiology of childhood leukaemia and dia-
betes． European Journal of Epidemiology，2009，24(12) :743-752．
［42］ Tassone EC，Waller LA，Casper ML． Small-area racial disparity in
stroke mortality:an application of Bayesian spatial hierarchical mod-
eling． Epidemiology (Cambridge，Mass．) ，2009，20(2) :234．
［43］ Ibanez-Beroiz B，Librero-Lopez J，Peiro-Moreno S，et al． Shared
component modelling as an alternative to assess geographical varia-
tions in medical practice:gender inequalities in hospital admissions
for chronic diseases． BMC Medical Ｒesearch Methodology，2011，11
(1) :1．
［44］Xu L，Lai D，Fang Y． Spatial analysis of gender variation in the prev-
alence of hypertension among the middle-aged and elderly population
in Zhejiang Province，China． BMC Public Health，2016，16(1) :447．
［45］Onicescu G，Hill EG，Lawson AB，et al． Joint disease mapping of cer-
vical and male oropharyngeal cancer incidence in blacks and whites in
South Carolina． Spat Spatiotemporal Epidemiol，2010，1(2-3) :133-
141．
［46］Gustafson P，Hossain S，MacNab YC． Conservative prior distributions
for variance parameters in hierarchical models． Canadian Journal of
Statistics-revue Canadienne de Statistique，2006，34(3) :377-390．
［47］Nathoo FS，Ghosh P． Skew-elliptical spatial random effect modeling
for areal data with application to mapping health utilization rates． Stat
Med，2013，32(2) :290-306．
［48］ Fahrmeir L，Lang S． Bayesian inference for generalized additive
mixed models based on Markov random field priors． Journal of the
Ｒoyal Statistical Society:Series C (Applied Statistics) ，2001，50
(2) :201-220．
［49］ Kneib T，Fahrmeir L． Structured additive regression for categorical
space-time data:A mixed model approach． Biometrics，2006，62(1) :
109-118．
［50］Chien L，Yu H，Schootman M． Efficient mapping and geographic dis-
parities in breast cancer mortality at the county-level by race and age
in the US． Spatial and Spatio-temporal Epidemiology，2013，5:27-37．
［51］Chien L，Alamgir H． Geographic disparities of asthma prevalence in
south-western United States of America． Geospatial Health，2014，9
(1) :97-108．
［52］ Chien L，Alamgir H，Yu H． Spatial vulnerability of fine particulate
matter relative to the prevalence of diabetes in the United States． Sci-















参 考 文 献
［1］ Ｒubin DB． Inference and missing data (with discussion)． Biometri-
ka，1976(63) :581-592．
［2］ Ｒubin DB． Bayesian inference for causal effects:The role of randomi-
zation． The Annals of Statistics，1978(6) :34-58．
［3］ Wooldridge JM． Econometric analysis of cross section and panel da-
ta． The MIT press，2002．
［4］ Ｒosenbaum PＲ，Ｒubin DB． The central role of the propensity score in
observational studies for causal effects． Biometrika，1983(70) :41-
55．
［5］ Luo Z，Gardiner JC，Bradley CJ． Applying Propensity Score Methods
in Medical Ｒesearch:Pitfalls and Prospects． Medical Care Ｒesearch
and Ｒeview:formerly Medical Care Ｒeview，2010，67(5) :528．
［6］ Vansteelandt S，Daniel ＲM． On regression adjustment for the propen-






［9］ KD Song，HK Lim，，H Ｒhim，等．肝切除术后复发性肝细胞癌反复
肝切除术与射频消融术的比较:倾向得分匹配研究． 国际医学放
射学杂志，2015，38(4) :378．
［10］Takuma Y，Takabatake H，Morimoto Y，et al．采用倾向得分匹配法
比较符合米兰标准肝癌病人的肝动脉化疗栓塞联合射频消融术
与手术切除．国际医学放射学杂志，2014，(1) :82．
［11］Gao W，Bergsma W，Yao Q． Estimation for Dynamic and Static Panel
Probit Models with Large Individual Effects． Journal of Time，2016．
［12］Arellano M． Discrete choices with panel data ． Investigaciones Eco-
nomicas，2001，27:423-458
［13］Bartolucci F，Farcomeni A． A multivariate extension of the dynamic
logit model for longitudinal data based on a latent Markov heteroge-
neity structure． Journal of the American Statistical Association，2009，
104(486) :816-831．
［14］ Honoré BE，Kyriazidou E． Panel data discrete choice models with
lagged dependent variables． Econometrica，2000，68(4) :839-874．
［15］Lancaster T． The incidental parameter problem since 1948． Journal of
econometrics，2000，95(2) :391-413．
(责任编辑:郭海强)
·141·中国卫生统计 2018 年 2 月第 35 卷第 1 期
